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Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no. 91 1 1 8506, 
filed August 16, 2002. 

Background of Invention 

[0001 ] Field of the Invention 

[0002] The invention relates in general to a luminescent device, and more particularly, to 
an organic electroluminescent device. 

[0003] Related Art of the Invention 

[0004] 

The organic electroluminescent device having the characteristics of self- 

o 

illumination, wide viewing angle (up to 160 ), high response speed, low driving 
voltage, and full color has been practically applied to color flat panel displays such as 

a small area display panel, outdoor display panel, computer and television screen. The 

organic electroluminescent device uses two electrodes sandwiching an organic film 

with a luminescent property. When a direct voltage is applied to the organic 

electroluminescent device, holes are injected from the anode, while electrons are 

injected from the cathode. Due to the potential caused by the external electric field, 

carriers are mobile and recombine. A part of the energy released by the recombination 

of the electron and hole stimulates the luminescent molecules to a single excited 

state. When the excited luminescent molecules release energy and return to the 

ground state, a certain proportion of the energy is released to generate photons, 
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which produce illumination. This is the mechanism for electroluminescence. 

[0005] The basic structure of the conventional organic electroluminescent device includes 
a glass substrate, on which an emitting layer (EML) made of organic chemical is 
sandwiched by an indium-tin-oxide (ITO) anode and a cathode. To achieve the 
equilibrium between carrier injection and mobility, the organic electroluminescent 
device further incorporates a hole transport layer (HTL) between the emitting layer and 
the anode and an electron transport layer (ETL) between the emitting layer and the 
cathode, to inject and transport holes and electrons from the electrode, respectively, 
and a hole injecting layer (HIL) between the hole transport layer and the anode to 
inject holes into the emitting layer even when the voltage is low. 

[0006] The currently available hole injecting layer is often selected from copper 

phthalocyanine (CuPc) material. Figure 1 shows the graph of current density (mA/cm 
2 

) versus driving voltage (V) of organic electroluminescent devices A and B using 
CuPc/NPB and CuPc/2T-NATA as the hole injecting/transport layer, respectively. As 

shown in Figure 1 , when the material with high mobility is used as the hole transport 

layer, the hole injection rate is significantly increased; and consequently, the driving 

voltage is reduced. However, when material with high mobility such as 2T-NATA is 

used for the hole transport layer, the recombination of the carrier is inefficient. 

Summary of Invention 

[0007] The present invention provides an organic electroluminescent device of which the 
hole injection rate and the luminescent efficiency are both enhanced. 

[0008] The organic electroluminescent device includes a cathode, an anode, an emitting 
layer, a hole transport layer, an electron transport layer, a hole injecting layer and an 
intermediate layer. The emitting layer is formed between the cathode and the anode. 
The hole transport layer is formed between the emitting layer and the anode. The 
electron transport layer is formed between the emitting layer and the cathode. The 
intermediate layer with high mobility is formed between the hole transport layer and 
the hole injection layer. The mobility of the intermediate layer is higher than that of 
the hole transportation layer and the hole injection layer. 

" 1 ^ The present invention incorporates an intermediate layer with relatively high 
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carrier mobility between the hole transport layer and the hole injection layer, such that 
the hole injection rate is increased while the luminescent efficiency of the organic 
electroluminescent device is enhanced. 

Brief Description of Drawings 

[001 0] These, as well as other features of the present invention, will become more 
apparent upon reference to the drawings wherein: 

[001 1 ] Figure 1 shows the graph of current density versus driving voltage for the organic 
electroluminescent devices A and B using CuPc/NPB and CuPc/2T-NATA as the hole 
injection/transport layers, respectively; 

[001 2] Figure 2 shows the schematic structure of an organic electroluminescent device in 
one embodiment of the present invention; 

[001 3] Figure 3 shows the graph of luminescent efficiency versus voltage for the organic 
electroluminescent device provided by the present invention and the conventional 
organic electroluminescent device using CuPc/NPB as the hole injecting/transport 
layer; and 

[0014] Figure 4 shows the graph of hole injection rate versus driving voltage for the 
organic electroluminescent device provided by the present invention and the 
conventional organic electroluminescent device using CuPc/NPB as the hole 
injecting/transport layer. 

Detailed Description 

[0015] 

Figure 2 shows a schematic structure of an organic electroluminescent device in 
one embodiment of the present invention. Referring to Figure 2, the organic 
electroluminescent device 200 includes an anode 202, a cathode 204, an emitting 
layer 206, a hole transport layer 208, an electron transport layer 210, a hole injecting 
layer 214 and an intermediate layer 212. The emitting layer 206 is formed between 
the cathode 204 and the anode 202 made of indium tin oxide (ITO). The hole 
transport layer 208 is formed between the emitting layer 206 and the ITO anode 202. 
The electron transport layer 21 0 is formed between the emitting layer 206 and the 
cathode 204. The hole injecting layer 214 is formed between the hole transport layer 
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208 and the ITO anode 202. The intermediate layer 21 2 is formed between the hole 
transport layer 208 and the hole injecting layer 214 with a mobility higher than that of 
the hole transport layer 208. 

[001 6] In Figure 2, the material of the anode 202 includes indium tin oxide. The material 
of the cathode 204 includes magnesium/silver (Mg/Ag) alloy, lithium 
fluoride/aluminum (LiF/AI) or other metal material. The material of the emitting layer 
206 includes Alq:DCJTB ((8-hydroxyquinoline):(4-(dicyanomethylene)-2-t-butyl-6- 
(l,l,7 t 7-tetramethyljulolidyl-9-enyl)-4H-pyran)). The material of the hole transport 
layer 208 includes N, N"-Di(naphthalene-1 -yl)-N, N"-diphenyl-benzidine (NPB). The 
material of the electron transport layer 210 includes tri-(8-hydroxyquinoline) 
aluminum (Al q), PPV (poly(p-phenylene vinylene)). The material of the hole injecting 
layer 214 includes CuPc (copper phthalocyane), which is the derivative of 
phthalocyanine. The material for forming the intermediate layer 212 includes 
derivative of tri-phenyamine such as tris-4, 4\ 4"-(2-naphthyl)-triphenylamine (2T- 
NATA). To show the organic electroluminescent device 200 has a higher efficiency 
than the conventional structure using CuPc/NPB as the hole injecting/transport layer, 
please refer to Figure 3. 

[001 7] Figure 3 shows the graph of luminescent efficiency versus voltage for the organic 
electroluminescent device C and the conventional organic electroluminescent device A 
using CuPc/NPB as the hole injecting/transport layer. As shown in Figure 3, when the 
voltage is increased up to 4V, the luminescent efficiency of the organic 
electroluminescnet device C is increased to about 3.5 cd/A, while the organic 
electroluminescent device A cannot illuminate under such low voltage even when the 
voltage is gradually increased. Therefore, the luminescent efficiency of the organic 
electroluminescent device C is shown to be higher than the conventional organic 
electroluminescent device using CuPc/NPB as the hole injecting/transport layer. 

[001 8] Figure 4 shows a graph of current density (mA/cm 2 ) versus driving voltage (V) 
for the organic electroluminescent device C and the conventional organic 

electroluminescent device A. As the organic electroluminescent device C uses an 

intermediate layer with high mobility, the injection rate of the holes is thus increased. 

[0019] According to the above, the present invention is characterized in forming an 
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intermediate layer with a relatively high mobility between the hole injecting layer and 
the hole transport layer, such that the luminescent efficiency of the organic 
electroluminescent device is increased together with the increase of the hole injection 
rate without increasing driving voltage. 

[0020] Other embodiments of the invention will appear to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is 
intended that the specification and examples to be considered as exemplary only, with 
a true scope and spirit of the invention being indicated by the following claims. 
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